Background: Commonly used ultrasound fetal weight estimation formulas show variable degrees of error which is more evident in fetuses with nutritional and metabolic issues; better accuracy of fetal weight estimation can be obtained by incorporation of fetal soft tissue parameters like the fetal subcutaneous tissue in the weight estimation process. The aim of this study was to assess the accuracy of fetal abdominal subcutaneous tissue thickness (FASTT) as an indicator of fetal birth weight. Results: FASTT showed a high significant statistical correlation with fetal birth weight (r = 0.94, P value = 0.00); it showed higher sensitivity for large for gestational age (LGA) than small for gestational age (SGA) (90.9% and 86.9%, respectively). The best cutoff value for the detection of LGA was ≥ 9.2 mm and ≤ 4.5 for SGA. FASTT showed lower accuracy than abdominal circumference (AC) as an indicator of LGA (92% versus 96%, respectively). Used alone, FASTT is less sensitive than Hadlock formula in both LGA and SGA (90.9% versus 94.5% in LGA and 86.9% versus 88.9% for SGA, respectively). There was no statistical correlation between FASTT and mode of delivery (r = 0.09, P value = 0.23) nor fetal gender (r = 0.15, P value = 0.11) Conclusion: FASTT is a good indicator of fetal birth weight especially LGA, yet it is less sensitive than AC in the prediction of LGA. It cannot be used as a predictor of mode of delivery and not affected by fetal gender.
Background
Fetal growth is a process of complex interactions between several maternal, fetal, and placental factor [1] . Proper fetal weight assessment leads to better management of high-risk pregnancies as fetal weight is an important determinant of neonatal survival [2] .
Ultrasound is the best used technique for fetal growth monitoring and fetal weight estimation. However, all the commonly used weight estimation formulas show a variable degree of error, so improving the traditional methods of ultrasonographic fetal weight estimation methods is required for better degree of precision [3] .
The use of MRI (magnetic resonance imaging) in fetal weight estimation is under study. Although not widely used in clinical practice for fetal weight estimation, MRI may be more accurate than two-dimensional ultrasound imaging in fetal weight estimation. Formulas were used for fetal weight estimation based on fetal body volume calculated by MRI [4] . ADC (apparent diffusion coefficient) values of the placenta and fetal organs were studied to detect IUGR (intrauterine growth restriction) fetuses. There was a significant difference in ADC of the placenta, fetal brain, lung, and kidney (P = 0.001, 0.001, 0.04, and 0.04, respectively) between IUGR fetuses and the controls [5] .
The fetus accumulates most of its body fat during the third trimester. Fetal soft tissue thickness estimation can be useful for better ultrasonography fetal weight assessment. These measurements can be done in various parts of the fetus' body. For example, subcutaneous tissue thickness can be measured in the abdomen, thigh, upper arm, or the subscapular area [6] .
The purpose of this study was to evaluate the relationship between ultrasonographically assessed FASTT and birth weight.
Methods
This was a prospective observational study conducted from December 2017 to November 2018 after the approval of the protocol from the Faculty of Medicine ethical committee for human research; fully informed written consent was taken from each patient after explanation of the procedures and the importance of the study. The confidentiality of the patient's data was guaranteed, and the patients had the right to refuse participation in this study without giving any reason.
The study enrolled 100 pregnant females after fulfillment of the inclusion criteria. Inclusion criteria were as follows: singleton pregnancy and gestational age between 37 and 42 weeks. Exclusion criteria were as follows: pregnant women who declined to participate, pregnant females who delivered after more than 1 week from the last fetal biometry, and fetal congenital anomalies.
Patients were subjected to detailed medical history that included personal history, obstetric history, medical and surgical history, and history of present pregnancy. This was followed by an antenatal ultrasonographic examination that was performed by using 2-5 MHz wide band convex, curved array transducer of the HD11 XE Ultrasound System (Philips, Bothell, WA, USA) between 37 and 42 weeks of gestation.
Trans-abdominal obstetric ultrasonography was done starting by patient information entry into the ultrasound system; then, the patient lied in a recumbent position close to the side of the table where the ultrasound device was placed to avoid overstretch of the operator arm to achieve accurate measurements. The patient was asked to adequately expose the abdomen. Lubrication of the abdomen was done with the application of the probe on the patient's abdomen and manipulation in coronal and sagittal planes relative to the structures to be examined [7] .
Fetal biometric measures were recorded (BPD, AC, FL, and HC); then, fetal weight estimation was done by using Hadlock IV formula (1985) that incorporates fetal biometric measures into the following equation [8, 9] : Log10EBW = 0.3596 + (0.00061 × BPDXAC) + (0.0424 × AC) + (0.174 × FL) + (0.0064 × HC) − (0.00386 × AC) This was followed by FASTT measurement (Figs. 1, 2, 3 and 4) and recording. FASTT was measured in millimeters at anterior third of the abdomen at the same level of abdominal circumference by placing the cursor at outer and inner edges of the echogenic subcutaneous fat line.
Follow-up of the patient after delivery was done for the recording of the post-natal fetal weight using a digital scale in supine position after calibration of the scales.
The collected data for statistical analysis included the following: case number, maternal age, gestational age by patient's history, gestational age by US, fetal biometric measures (HC, BPD, AC, and FL), estimated fetal weight (EFW) by Hadlock formula, fetal abdominal subcutaneous tissue thickness obtained by ultrasound, mode of delivery whether NVD (normal vaginal delivery) or CS (cesarean section), fetal gender, and fetal weight at birth.
Statistical analysis
Data were collected, tabulated, and statistically analyzed using a personal computer with Statistical Package of Social Science (SPSS) version 20 [SPSS Inc., Chicago, IL, USA], where two types of statistics were done: descriptive statistics, e.g., number (No.), percentage (%), mean (X ), and standard deviation (SD), and analytic statistics which included Fisher exact test, one-way ANOVA test, post hoc test, Pearson correlation, Spearman correlation, and ROC curve. P value at 0.05 was used to determine significance. P value ≥ 0.05 to be statistically insignificant. P-value ≤0.05 to be statistically significant. P-value ≤0.001 to be highly statistically significant.
Results
This study included 100 pregnant women. Fourteen percent of the pregnant females were primigravida while 86% were multigravida. Gestational age ranged from 37 to 41.6 weeks. No statistical correlation between FASTT and any of the maternal age, gravidity, and parity was found. However, high statistical significant difference was noted between the FASTT and gestational age calculated by date. Fetal biometric measures were estimated as well as FASTT and EFW. FASTT ranged from 3.6 to 13 mm and EFW ranged from 2275 to 4470 g.
Included subjects in this study were classified into three categories based on the fetal birth weight. FASTT ranged from 3.6 to 4.1 mm for the SGA category, from 4.2 to 8.7 mm for the AGA (appropriate for gestational age) category, and from 9 to 13 mm in LGA category, while EFW of the included subjects ranged from 2275 to 2402 g in SGA category, from 2569 to 3925 g for the AGA category, and from 4090 to 4470 g in the LGA category. FASTT showed a high statistically significant correlation with EFW by Hadlock formula and BW (Table 1) . Also, a high statistically significant difference between each of the birth weight categories regarding the value of EFW by Hadlock formula as well as by FASTT was found. Both EFW and FASTT showed higher values in LGA category than AGA and SGA categories and also showed higher values in AGA category than SGA category ( Table 2) . Comparing sensitivity, specificity, NPV, and PPV for FASTT in LGA and SGA was done. Higher sensitivity of FASTT in LGA than SGA was noted. The best cutoff value of FASTT for LGA was 9.2 mm and that of SGA was 4.5 mm (Table 3) . Cutoff values were determined by SPSS statistical analysis of ROC curves that represented the sensitivity and specificity of FASTT in LGA and SGA groups (Figs. 5 and 6).
Highly significant statistical correlation was found between FASTT and AC. However, AC showed better accuracy than FASTT in prediction of LGA fetuses (Table 4) .
No statistical correlation between fetal gender and FASTT denoting that fat deposition in the fetus is not related to the fetal gender (r = 0.15, p value = 0.11 (NS), Spearman correlation).
The number of cases with FASTT less than 9.2 mm was 88 cases. Fifty-two of them had CS while 36 cases had NVD. The number of cases with FASTT more than 9.2 mm was 12 cases, 11 of them had CS while 1 case had NVD. Despite 91.6% of pregnant women who had fetuses with FASTT more than 9.2 mm delivered by CS, no statistical significant difference between FASTT and mode of delivery was found (r = 0.09, p value = 0.23 (NS), Spearman correlation).
Discussion
Both macrosomic and growth-retarded fetuses are at an increased risk of perinatal morbidity and mortality [10] . An accurate estimation of fetal weight helps obstetricians in making decision on the route of delivery [11] . Incorporation of fetal soft tissue parameters improves the accuracy of fetal weight estimation [12] . The aim of this study was to assess the accuracy of fetal abdominal subcutaneous tissue thickness as an indicator of fetal birth weight.
The current study concluded that FASTT showed a high statistically significant correlation with EFW by Hadlock formula and BW (birth weight); also, a high statistically significant difference between each of the birth weight categories regarding the value of EFW by Hadlock formula as well as by FASTT was noted. Both EFW and FASTT showed higher values in LGA category than AGA and SGA categories and also showed higher values in AGA category than SGA category Bhat et al. [10] also agreed with our results; they plotted birth weight against FASTT (scatter plot graph), and it showed a positive significant correlation between FASTT and birth weight obtained by Pearson's [13] demonstrated that FASTT may be useful in the assessment of fetal nutritional risk as they showed a significant correlation between subcutaneous tissue thickness, estimated fetal weight, and actual BW. Regarding the statistically significant difference of FASTT in different birth weight categories, Odthon et al. [14] showed similar results; they studied the correlation between FASTT and birth weight. The mean FASTT differed significantly between normal and macrosomic fetuses (6.6 mm versus 12 mm, respectively; p < 0.001).
Singh et al. [15] agreed to our results; the birth weight was divided according to the percentile in three groups according to which results were statistically significant (p < 0.001). Average subcutaneous tissue thickness in babies having a birth weight between 10th and 90th percentile was 5.4 mm. Below 10th percentile was 4.4 mm, and above 90th percentile was > 5.9 mm.
Additionally, the present study results were in accordance with the results recorded by Bhat et al. [10] , who found that the difference in mean FASTT between SGA and AGA babies was statistically significant (p value 0.032). Similarly, the difference in mean FASTT between LGA and AGA babies was also statistically significant (p value 0.000).
Regarding the demographic data of the included subjects, the current study showed no correlation between FASTT and any of the maternal age, gravidity, and parity; however, a statistically significant correlation was noted between the FASTT and gestational age calculated by date (r = 0.79, P value = 0.00). Results of Chen et al. [16] and Farah et al. [17] are in agreement with the current study; both found that FASTT measurements increase as gestation advances.
FASTT demonstrated higher sensitivity in LGA (90.9%) than SGA (86.9%) denoting that FASTT is a better indicator of LGA than SGA. The best cutoff value of FASTT for LGA was 9.2 mm and that of SGA was 4.5 mm. Cutoff points of FASTT for LGA and SGA varied in different studies. Close to this result was Mack et al. [12] who found that the best cutoff value for FASTT in detecting macrosomia was ≥ 10.0 mm with high sensitivity (81.0%) and specificity (86.8%).
Despite that, Bhat et al. [10] also showed that FASTT was sensitive to predict large for gestational age (LGA) and not sensitive for SGA; a quite different cutoff value of FASTT for large babies was obtained (6.25 mm). Sensitivity for FASTT > 6.25 mm for large for gestational age babies was 79% and specificity is 70%. They also stated that FASTT measurement for the prediction of small babies with birth Post hoc P4 = 0.00, P5 = 0.00, P6 = 0.00
F one way ANOVA test, NS non-significant, S significant, HS highly significant P1, birth weight < 2500 g versus birth weight (2500-4000 g) in FASTT P2, birth weight < 2500 g versus birth weight > 4000 g in FASTT P3, birth weight (2500-4000 g) versus birth weight > 4000 g in FASTT P4, birth weight < 2500 g versus birth weight (2500-4000 g) in EFW P5, birth weight < 2500 g versus birth weight > 4000 g in EFW P6, birth weight (2500-4000 g) versus birth weight > 4000 g in EFW weight < 2500 g was not sensitive. Therefore, a cutoff value of FASTT for small for gestational age babies could not be obtained. Regarding SGA, the results of the current study were comparable to the results obtained by Kongsing et al. [18] , who found that the best cutoff value of the subcutaneous fat thickness for prediction of IUGR was 4.5 mm, giving the sensitivity, specificity, positive predictive value, and negative predictive value of 76.0%, 75.3%, 47.5%, and 91.4%, respectively.
Close to our results was Prasertcharoensuk et al. [19] who found that fetuses with FASTT ≤ 4 mm were more likely to have low birth weight with a sensitivity of 90.0% (95% CI = 86.8-93.3) and a specificity of 53.5%.
As FASTT showed high statistical correlation with AC among the other fetal biometric parameters, comparing AC versus FASTT in cases of LGA was done; this is in conformity with Odthon et al. [14] who evaluated the value of the sonographic measurement of fetal AC and FASTT for predicting fetal macrosomia. Compatible results were obtained. Our study showed higher values for AC than FASTT (accuracy of 96% for AC against 92% for FASTT) as well as Odthon et al. [14] study (accuracy of 93.4% for AC against 86.4% for FASTT) denoting that AC is still a better parameter for detection of LGA.
This study showed no statistical correlation between fetal gender and FASTT denoting that fat deposition in the fetus is undependable from the fetal gender. Similarly, Farah et al. [17] demonstrated that the FASTT increases at the same rate for both male and female fetuses and at any given week.
In the current study, correlation between FASTT and mode of delivery was done; despite 91.6% of pregnant women who had fetuses with FASTT more than 9.2 mm delivered by CS, no statistical significant difference between FASTT and mode of delivery could be detected.
In accordance with the result of this study, Grace et al. [13] agreed that no direct relationship between FASTT and mode of delivery could be found. Also, Assimakopoulos et al. [20] found that fetuses with low FASTT were more likely to be delivered through normal vaginal delivery (7.8 ± 0.1 mm), while higher FASTT was correlated with instrumental vaginal delivery (7.9 ± 0.2 mm) and cesarean section (8.6 ± 0.3 mm) (ANOVA, P = 0.034). With increasing FASTT, the likelihood of instrumental vaginal and cesarean delivery increased but with no direct significant statistical correlation.
As FASTT showed a positive correlation with a wide range of fetal weights, it can be incorporated into ultrasonographic weight estimation formulas to achieve better accuracy; it can be used as an alternative to AC in modified formulas when accurate AC measurement cannot be obtained. The cutoff values may serve as a fast predictor for macrosomia and IUGR for pregnant women in labor. The study was limited by the difficulty of measuring FASTT in obese patients, in cases with anteriorly situated placenta, cases of twins, and when the fetal presentation was occipito-anterior.
Conclusion
FASTT is a good indicator of birth weight; it is a better parameter for LGA than SGA. It showed a high statistically significant correlation with AC, yet it is less accurate than AC as an indicator of fetal macrosomia. FASTT is not affected by fetal gender and has no direct relation to the mode of delivery. 
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